WORLD INTELLECTUAL PROPERTY ORGAN 1^ 
international Bureau 



per 

INTERNATIONAL APPCTC5TION PUBLISHED UNDER THE PATE 



'ENT CC 




COOPERATION TREATY (PCT) 



(51) International Patent Qassiflcation 5 : 




(11) International Publication Number: 


WO 93/15213 


C12N 15/82, 15/29, 15/11 


Al 


(43) International Publication Date: 


5 August 1993 (05.08.93) 



(21) International Application Number: PCT/GB93/00 1 37 

(22) International Filing Date: 22 January 1993 (22.01.93) 



(30) Priority data: 

9201549.4 



24 January 1992 (24.01.92) GB 



(71) Applicant (for all designated States except US): ZENECA 

LIMITED [GB/GB]; Imperial Chemical House, Mill- 
bank, London SW1P 3JF (GB). 

(72) Inventors ; and 

(75) Inventors/Applicants (for US only) : BEVAN, Michael, Web- 
ster [NZ/GB]; 329 Unthank Road, Norwich, Norfolk 
NR4 7QA (GB). HOLDSWORTH, Michael, John [GB/ 
GB]; 42 Unthank Road, Norwich, Norfolk NR4 7QA 
(GB). SCHUCH, Wolfgang, Walter [DE/GB]; 14 Green- 
finch Close, Heathlake Park, Crowthorne, Berkshire 
RG1I 6TZ (GB). 



(74) Agent: HUSKISSON, Frank, Mackie; Imperial Chemical 
Industries pic, ICI Group Patent Department, P.O. Box 
6, Bessemer Road, Welwyn Garden City, Hertfordshire 
AL7 IHD (GB). 



(81) Designated States: AU, BB, BG, BR, CA, CZ, FI, HU, JP, 
KP, KR, LK, MG, MN, MW, NO, NZ, PL, RO, RU, 
SD, SK, UA, US, European patent (AT, BE, CH, DE, 
DK, ES, FR, GB, GR, IE, IT, LU, MC, NL, PT, SE), 
OAPI patent (BF, BJ, CF, CG, CI, CM, GA, GN, ML, 
MR, SN, TD, TG). 



Published 

With international search report. 

Before the expiration of the time limit for amending the 
claims and to be republished in the event of the receipt of 
amendments. 



(54) Title: CONTROL OF GENE TRANSCRIPTION 



(57) Abstract 

The plant gene TFIID encodes DNA-binding protein necessary for the transcription of a.ll structural genes. Down-regula- 
tion of the expression of TFIID, by transformation with a sense or antisense copy of the TFIID gene, prevents expression of the 
gene, leads to a failure of transcription and, consequently, cell death. Such down-regulation may be targeted to particular cell 
types or to particular development stages by the selection of suitable promoters. Since TFIID is expressed in all cells at all times, 
its promoter is truly constitutive in effect and may be used to drive constitutive expression of foreign genes placed downstream 
thereof. 



BNSDOCID:<WO 9315213A1> 



FOR THE PURPOSES OF INFORMATION ONLY 

Codes used lo identify States party to the PCI' on the front pages of pamphlets publishing international 
applications under the PCT. 



AT 


Austria 


FR 


France 


MR 


Mauritania 


AU 


Australia 


CA 


Gabon 


MW 


Malawi 


BB 


Bur had us 


GB 


United Kingdom 


NL 


Netherlands 


BE 


Belgium 


CN 


Guinea 


NO 


Norway 


BF 


Burkina Faso 


CR 


Greece 


NZ 


New Zealand 


BC 


Bulgaria 


HU 


Hungary 


PL 


Poland 


BJ 


Benin 


IE 


Ireland 


PT 


Portugal 


BR 


Brasil 


IT 


Italy 


RO 


Rumania 


CA 


Canada 


JP 


Japan 


RU 


Russian Federation 


CF 


Central African Republic 


KP 


Democratic People Republic 


SO 


Sudan 


cc 


( on go 




ol" Korea 


SB 


Sweden 


CH 


Switzerland 


KR 


Republic uf Korea 


SK 


Slovak Republic 


CI 


Cote d'lvnire 


KZ 


K:iy.aUi*[jn 


SN 


Senegal 


CM 


Cameroon 


[J 


Liechtenstein 


su 


Soviet Union 


CS 


C/.cLhu»lova!uu 


LK 


Sri 1 .inka 


TD 


Chad 


CZ 


Czech Republic 


LU 


1 .uxembotirg 


TC 


logo 


DE 


Germany 


MC 


Monaco 


UA 


Ukraine 


OK 


Denmark 


MC 


Madaga.'icar 


US 


United Stales of America 


£S 


Spain 


Ml. 


Mali 


VN 


Viet Nam 


Fl 


Finland 


MN 


Mongolia 







BNSDOC1D:<WO 9315213A1> 



WO 93/15213 



1 



PCT/GB93/00137 



CONTROL OF GENE TRANSCRIPTION 
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The present invention relates to a gene which encodes < 
factor required for transcription in plant cells and a 
method for the control of transcription using that gene. 

Development, form and function of plants are brought 
about by the timed and co-ordinated expression of many 
thousands of genes. These genes are expressed in specific 
tissues, at different times, for different periods of time, 
in response to different end signals. The activation and 
repression of gene expression is controlled through the 
interaction of protein factors with specific DNA sequences 
associated with genes. Factors controlling the initiation of 
transcription of protein coding genes by RNA polymerase II 
(B) can be divided into two groups, general factors and 
activators. General transcription factors are responsible 
15 for assembly of the pre-ini tiation complex at the 'TATA' 
box, and accurate basal level transcription initiation. 
Activators are an heterogeneous class of sequence-specific 
DNA binding proteins that interact with the pre-ini tiation 
complex to bring about regulated high level transcription of 
20 the associated gene. interaction of activators with the 

pre-initiation complex is presumed to be an important level 
of control for gene expression. 

Assay systems for the analysis of transcription 
initiation in-vitro have been described for animals and 
25 plants. These contain general transcription factors and RNA 
polymerase II derived from specific organs and cell types, 
and have been used in the analysis of both cis-sequences and 
activators. An important feature of such systems is the 
higher level regulated transcription which can be obtained 
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in the presence of added activator protein , indicating that 
the activator interacts with one or several components of 
the general transcription machinery. in animal and yeast 
systems many of these general factors have been identified 
and purified. From such studies several consistent features 
of the number and type of factors have emerged, as has their 
order of assembly on the DNA. The most important of the 
general factors is Transcription Factor IID (TFIID), 
necessary for template commitment (as it binds to the TATA 
box) which may interact with at least one activator protein 
via a 'coactivator' . Following the binding of TFIID, other 
factors (TFIIA/G, TFIIB, RNA polymerase 2 and TFIIE/F) are 
recruited to form the fully assembled complex. in addition 
to TFIID, TFIIB has recently been shown to directly interact 
15 with activator proteins in animal systems. Recent analysis 
of TFIID from Hela cells has revealed that the endogenous 
factor is composed of a single DNA-binding protein (the 
TATA-binding protein, TBP) and several other unrelated 
components. TFIID TBP-component is composed of both 
20 conversed and species-specific elements. Homology between 
TBPs is at least 80% or greater in the carboxy-terminal 200 
amino acids. The amino terminal ends of TBPs are highly 
disparate, and were initially presumed to play some role in 
species-specific interactions that regulate transcription 
25 initiation. Although it is possible that this does occur 
other evidence has pointed to functional differences being 
localised to the highly conserved carboxy-terminal region. 
Reports to date have focused on analysis of the physical 
requirements of protein structure for TBP function. 

An object of the present invention is to provide means 
for controlling gene transcription in plants. 

According to the present invention there is provided a 
cDNA having the sequence given in Figure 1 herewith and 
variations therein permitted by the degeneracy of the 



BNSDOCID: <WO 9315213A1> 



10 



15 



WO 93/15213 3 PCT/GB93/0013"; 



genetic code, and any equivalent genomic sequence encoding 
TFIID TBP-component to which said cDNA hybridises. 

The invention further provides the cDNA located on 
plasmid pTFUD which has been deposited, in an Escherichia 
coli, strain DH5 a , host, under the terms of the Budapest 
Treaty on the Deposit of Microorganisms for Patent Purposes, 
with the National Collection of Industrial and Marine 
Bacteria, Aberdeen, united Kingdom, on 19th December 1991 
under the Accession Number NCIB 40467. 

Also, the invention provides a method of inhibiting 
the growth of a plant cell comprising stably incorporating 
into the genome of the said plant by transformation a full 
or partial length copy of a nucleotide which is antisense to 
the cDNA defined hereinabove or its genomic equivalent. 

Such inhibition may also be obtained by stably 
incorporating into the genome of the said cell by 
transformation a full or partial length copy of the cDNA 
defined hereinabove or its genomic equivalent. 

Further according to the invention there is provided a 
method for the isolation of the TFIID promoter, comprising 
probing a genomic library with the cDNA of the invention, 
isolating a genomic sequence which hybridises to the said 
cDNA and recovering from the isolated genomic sequence th 
promoter region lying upstream of the TFIID gene. 

The invention thus also provides the promoter sequence 
of the TFIID gene. 

Because the TFIID is consti tutively expressed, the 
invention also provides a method for the induction of 
constitutive gene expression, comprising placing a selected 
gene of interest under control of the promoter of the tfhd 
gene . 

Therefore, the invention further provides a recombinant 
gene construct comprising in sequence a TFIID promoter, a 
selected gene for expression and a transcription terminator 
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region . 

The TFIID gene can be used as a target to inhibit 
growth of a plant cell by several methods. In addition the 
gene sequences can be used to isolate the gene in question 
which is a truly constitutive gene. TFIID is a DNA-binding 
protein or factor which binds to DNA sequences found on 
plant promoters such as the "TATA box". Interaction of 
other factors involved with the initiation of transcription 
or the enhancement of transcription with the factor is 
specifically required for gene expression in plants. 

The cDNA can be used to isolate the gene encoding it. 
This is described in detail below. This gene is special in 
that due to the requirement that it be expressed in all 
tissues of a plant at all times, it is expressed 
15 constitutively . Therefore the promoter controlling it is 
must be a truly constitutive promoter. 

In addition, inhibition of the expression of this gene 
in specific tissues or at a specific stage during plant 
development is expected to lead to the inhibition of plant 
development at that given time. This can be used to inhibit 
flowering, pollen formation, embryo development and seed 
formation among others. 

The present invention also provides a plant having 
stably incorporated in its genome by transformation a gene 
25 construct carrying a tissue-specific or a development- 
specific promoter which operates in the cells of the target 
plant tissue and a DNA binding protein gene construct which 
is capable, when expressed, of inhibiting transcription in 
the cells of the said target tissue resulting in death of - 
30 the cells. 

One preferred application of this invention is in the 
creation of male sterile plants for use in the production of 
hybrids. Our International Patent application WO 90/00110, 
incorporated herein by reference, relates to the production 
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of such male sterile plant lines. Essentially our invention, 
the subject of that International Application, is a plant 
gene construct comprising a disrupter gene encoding a 
protein which is capable of disrupting the biogenesis of 

5 viable pollen, and a gene regulatory sequence and which 

includes a promoter sequence inducible by external 
application of an exogenous chemical inducer to a plant 
containing the construct. In a specific embodiment, the 
construct comprises: 

10 < a > a first gene promoter sequence responsive to the 

presence or absence of an exogenous chemical inducer, 

(b) a gene encoding a repressor protein under control 
of the said first promoter sequence; 

(c) an operator sequence responsive to the said 

15 repressor protein expressed by the repressor protein gene; 

(d) a male flower specific gene promoter sequence 
expressible only in male parts of a plant; and, 

(e) a gene encoding a disrupter protein capable of 
disrupting biogenesis of viable pollen; 

whereby the presence or absence of the exogenous 
chemical inducer in the plant enables selection of male 
fertility or sterility. 

Examples of the disrupter protein are; the mammalian 
uncoupling protein ( UCP ) gene, a mutated form of the gene 
for the g-subunit of F ^-ATPase which has sequences added or 
deleted such that these changes result in the retention of 
the ability to assemble with other subunits but interfere 
with function as an ATP synthase, a mutated, synthetic form 
of the oli 1 gene encoding subunit 9 of the F '-ATPase, a 
mutated form of a mitochondrial transit pre-sequence which 
malfunctions during transfer resulting in the disruption of 
protein transport to mitochondria, and, a gene construct 
carrying a fusion between the 0-subunit gene from yeast and 
the e-glactosidase gene from E. coli , resulting in 
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expression of a disrupting fusion protein. 

The present invention provides an alternative means of 
disrupting pollen formation comprising inhibition of the 
TFIID gene. 

5 The invention also provides a plant, particularly a 

monocotyledonous plant, and more particularly a corn plant, 
having stably incorporated within its genome a gene 
construct carrying a tissue-specific promoter which operates 
in the cells of the said target gene constructs may be used 
10 as a means of inhibiting cell growth in a range of organisms 
from simple unicells to complex multicellular organisms such 
as plants and animals. By the use of tissue- or 
cell-specific promoters, particular cells or tissue may be 
targeted and destroyed within complex organisms. one 
15 particular application could be the destruction of cells 
essential for male flower development, leading to male 
sterility or the inhibition of seed development leading to 
plants which do not carry seeds. 

The invention therefore provides a method of preventing 
or inhibiting growth and development of plant cells based on 
gene constructs which inhibit transcription and gene 
expression. The technique has wide application in a number 
of crops where inhibition of particular cells or tissue is 
required. 

25 of particular interest is the inhibition of male 

fertility in maize for the production of Fl hybrids in situ. 

The method of transformation is not particularly 
germane to this invention and any method suitable for the 
target plant may be employed. Transgenic plants are 
obtained by regeneration from the transformed cells. 
Numerous transformation procedures are known from the 
literature such as agroinf ection using Agrobacte rium 
tumefaciens or its Ti plasmid, elect roporation , 
microinjection of plant cells and protoplasts, 
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microprojectile transformation and pollen tube 
transformation, to mention but a few. Reference may be made 
to the literature for full details of the known methods 
The invention will now be described in following 
5 Examples. 

EXAMPLE 1 

cDNA library synthesis and screening 

A CDNA library was constructed in Lambda gt-U using 
polyadenylated RNA obtained from young potato (Solanum 
10 tuberosum L.cv. Desiree) tubers according to the" 

manufacturers recommendations (Amersham) . The cDNA library 
(10 recombinant phage) was screened with a TBP cDNA clone 
from Arabidopsis thaliana L, and the inserts from 
hybridising clones were sub-cloned into pUBS-3. The 
complete DNA sequence of cDNA inserts was determined on both 
strands by sequencing of pl asmid DNA , and DNA and derived 
protein sequence was analysed using Mac Vector DNA sequence 
analysis software. 

A TBP cDNA clone from Arabidopsis thaliana L was used 
20 to screen a cDNA library from potato tubers. From an 

initial screen of 10 6 clones from an amplified portion of 
this library one clone was isolated ( ST -1), and from a 
•ub.equ.nt screen of 10* clones from the primary library a 

25 ZTl Cl ° neS W6re iS ° lated (ST " 2 ' ST - 3 < ST ~ 4 >- The 

complete nucleotide sequence of ST-2 (representing the 

largest spliced cDNA insert) was determined (Figure 1) 
This DNA sequence was compared to those available in the 
EMBL-database and indicated a high level of homology between 
ST-2 and TBPs from both human and yeast sources 

The cDNA ST-2 contains an open reading from 
corresponding to a protein of molecular weight 22 kDa 
similar to the molecular weights reported for TBP from 
Ar ^ id ° PSiS thalia " a L - Comparison of this protein sequence 
with predicted TBP from other species shows that the protein 
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encoded by ST-2 has a high degree of similarity to the 
putative TBPs 1 and 2 from Arabidopsis thaliana L (Figure 
2). These proteins are of identical length (200 
amino-acids) , and are 94.5% and 94% homologous respectively 
to the potato protein. Potato TBP also shares over 80% 
homology with the carboxy-te rminal region of TBP from 
humans, yeast and Drosophila melanogaster . 
EXAMPLE 2 

Product ion and analysis of in-vitro svnthesised TBP; 



10 A nested set of 3' truncations of the TBP cDNA were 

constructed by digestion of plasmids with suitable 
restriction enzymes. Plasmid DNAs containing the 
full-length TBP cDNAs were linearised at the 3' end of the 
cDNA by restriction digestion. rna was synthesised in vitro 
15 from T7 RNA polymerase promoter located 5' to the cDNA, 

purified, and used to program a rabbit reticulocyte in-vitro 
translation reaction. In-vitro synthesised protein was used 
in electrophoretic mobility shift assays ( EMSAs ) , using an 
end-labelled 360 base-pair DNA fragment (position -340 to 
+20) from the potato patatin class 1 promoter (21) as a 
specific probe. Reactions were carried out in 10// 1 volumes 
containing O.lpl re ti culocyte-lysate translation product as 
previously described (20) using radiolabeled probe DNA 
(290pM, 4000cpm) and 333ng (63.4nM) polydGdC . dGdC 
25 (Pharmacia) at 25°C for 30 minutes unless otherwise stated. 
Protein/DNA complexes were resolved on native 4% 
polyacrylamide gels. 

The functional requirements of cloned potato TBP were 
determined using in-vitro synthesised protein. pST-2 was - 
used to produce potato TBP protein in-vitro by transcription 
of the linearised plasmid and subsequent translation of rna 
(Figure 3). Carboxy-te rminal truncated versions of ST-2 
protein were produced following linearisation of plasmid DNA 
with restriction enzymes cutting within the predicted open 
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reading frame* ST-2 protein and truncated derivatives 
synthesised in this way were tested for DNA-binding 
specificity using the elect rophoreti c mobility shift assay 
( EMSAs 22,26), In-vitro translation of RNA from linearised 

5 plasmids gave proteins of the correct predicted molecular 

weights. The full length protein was capable of DNA binding 
to the potato patatin class-1 gene promoter. All truncation 
derivatives of ST-2 TBP were however not able to support DNA 
binding or transcription enhancement, within a 10-fold range 

10 of protein concentration of that shown (data not shown). 
EXAMPLE 3 

Biochemical analysis of TBP DNA binding 

Double-stranded oligonucleotides used in competition 
experiments were of the following structure (top-strand 
15 shown ) : 

1. Wild type 5 ' tcgacTTGTTTACGTGCCTATATATACCATGCTTG 
TTATATGCTCg-3 ' 

2 • mutant 5 9 - tcgacTTGTTTACGTGCC TAGGGGTA CCATGCTTG 
TTATATGCTCg-3 ' . 

20 Nucleotides which are shown in lower case letters 

indicate changes from the wild type patatin TATA sequence 
motif (underlined), and lower case nucleotides indicate and 
added restriction enzyme site* For heat stability 
experiments protein preparations were heat treated for 10 

25 minutes, and bound DNA was separated from free DNA at 

increasing times thereafter. The relative affinity ration 

of potato TBP for polydGdC.GdC and the patatin promoter was 

calculated as previously described . The Apparent 

Equilibrium constant < K app )» C Q (the number of binding sites 

30 in the protein preparation ( K and K (the specific and 

s n 

non-specific equilibrium constants) were calculated as 
previously described. [D n °) values (expressed as moles 
polydGdCdGdC base-pairs per litre) were obtained from 
experiments in which the amount of polydGdC . dGdC was varied 
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and patatin promoter fragment kept constant, EMSAs were 
quantified by cutting out from the dried gel and Cherenkov 
counting. A standard calibration curve indicated that the 
relationship between input DNA and counted fractions was 
5 linear. All experiments were conducted at least three 

times, and at least two separate protein/RNA preparations 
were used. Results shown are the average of three separate 
experiments . 

Biochemical characteristics of plant TBP activity were 

10 analysed using the full-length ST-2 protein (Figure 4). 

Analysis of the physical properties of the ST-2 protein-DNA 
interaction indicated that maximum DNA binding occurred at a 
KC1 concentration of 200mM, and MgCl 2 of 5mM. DTT did not 
influence DNA binding capacity under optimised conditions 

15 (data not shown). TBP was shown to be heat-labile, more 

than 80% of the available activity being destroyed by a 10 
-minute incubation at 45°C. Maximum DNA binding occurred 
between 25-30°C, the apparent equilibrium constant after 30 
minutes incubation being reduced substantially at lower and 

20 higher temperatures. On and off-rate measurements for the 
protein-DNA complex indicated that both association and 
dissociation of TBP with DNA is slow (saturation for 
association occurring after 30-40 minutes, and only 20% TBP 
being dissociated after an additional 20 minutes in the 

25 presence of excess specific competitor DNA) . 

The copolymer polyGdC.dGdC (used as non-specific DNA in 
EMSA experiments) was a very inefficient competitor for TBP 
binding to the patatin promoter (Figure 4). Specificity of 
DNA binding for the TATA box was demonstrated in competition 

30 experiments in which an oligonucleotide containing the wild 
type TATA motif from the patatin gene (see Figure 3) was 
shown to compete effectively with the patatin gene promoter 
for ST-2 binding, whereas an oligonucleotide containing a 
mutated TATATATA box (replaced with TAGGGGTA) was competed 
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at a very much lower level. The relative affinity of the 

wild type TATA-box DNA sequence was measured with respect to 

the mutated sequence and polydGdC . dGd . C by analysis of the 

levels of competitor DNA that reduce TBP DNA binding 50% 

5 (relative affinity ratio; 22,26). Results indicate that 

potato TBP binds the copolymer polydGdC . dGdC with 

1 . 77xl0^-times lower affinity. 

The apparent equilibrium constant (K a _) under 

app 

optimised reaction conditions for potato TBP binding to the 
10 patatin promoter TATA— box was calculated from the binding 

data (Figure 5d), and in four independent experiments gave a 

9 -1 11 

value 2.4x10 M ±1.1x10 . The values of Kg (the specific 
equilibrium constant), and the K n (the non-specific 
equilibrium constant) were calculated from Figure 5e and f, 
15 and were 5xl0 9 M" 1 and 3.65xl0 4 M" 1 respectively. 
EXAMPLE 4 

Isolation of the gene encoding TFIID 

In all non-plant organisms investigated so far TBP is 
encoded as a single gene. In contrast, TBP from Arabidopsis 
20 is present in at least two copies. To determine the 

representation of ST-2 TBP sequences in the potato genome, 
genomic southern experiment were performed with potato DMS . 
The probe ( pst-2 ) hybridised strongly to a single fragment 
of potato DNA when using restriction enzyme Bgll and to two 
25 DNA fragments when using EcoRI . Very much weaker 

hybridisation is also visible to one additional DNA fragment 
in the Bgll digested DNA upon longer exposure of the filter 
to film. The clone ST-2 does not contain any EcoRI sites, 
and only a single Bglll site at position 35. Analysis of 
30 the sequence of an incomplete partially spliced potato TBP 

cDNA clone ST-1 did not reveal any additional EcoRI or Bglll 
restriction sites. These data suggest that in potato TBP is 
encoded in the genome as a low copy number sequence, 
possibly as a single gene per haploid genome. 



WO 93/15213 



12 



PCT/GB93/00137 



A genomic library of potato was screened using the cDNA 
clone. A genomic clone can be isolated using this approach. 
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CLAIKS 



1- A cDNA having the sequence given in Figure 1 

herewith and variations therein permitted by the 
degeneracy of the genetic code, and any equivalent 
genomic sequence encoding TFIID TBP-component to which 
said cONA hybridises. 

2* The cDNA located on plasmid pTFIID which has been 

deposited, in an Escherichia coli , strain DH5a, host, 
under the terms of the Budapest Treaty on the Deposit 
of Microorganisms for Patent Purposes, with the 
National Collection of Industrial and Marine Bacteria, 
Aberdeen, United Kingdom, on 19th December 1991 under 
the Accession Number NCIB 40467. 

3. A method of inhibiting the growth of a plant cell 

comprising stably incorporating into the genome of the 
said plant by transformation a full or partial length 
copy of a nucleotide which is antisense to the cDNA 
claimed in claim 1 or its genomic equivalent. 

4- A method of inhibiting the growth of a plant cell 

comprising stably incorporating into the genome of the 
said cell by transformation a full or partial length 
copy of the cDNA claimed in claim 1 or its genomic 
equivalent. 
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5. A method for the isolation of the TFIID promoter, 
comprising probing a genomic library with th cDNA 
claimed in claim 1, isolating a genomic sequence which 
hybridises to the said cDNA and recovering from the 
isolated genomic sequence th promoter region lying 
upstream of the TFIID gene. 

6. The promoter sequence of the TFIID gene, 

7. A method for the induction of constitutive gene 
expression, comprising placing a selected gene of 
interest under control of the promoter claimed in claim 
6. 

8. A recombinant gene construct comprising in 
sequence a TFIID promoter, a selected gene for 
expression and a transcription terminator region. 

9. A plant gene construct comprising a disrupter gene 
encoding a protein which is capable of disrupting the 
biogenesis of viable pollen, and a gene- regulatory 
sequence and which includes a promoter sequence 
inducible by external application of an exogenous 
chemical inducer to a plant containing the construct in 
which the said disruption of pollen biogenesis is 
achieved by the method claimed in claim 3 or claim 4. 
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FIG. 1 d/2) 

AT AT AT AT ATTC ATC CTTC CTTG TCGCTCT AC AAAG ATCTTCTTC AT 
ATTATTTCTTTACAACAAGCAAAATCCTCCAATTTCAGCAAACCCTA . 
TAGGTCAAAAGAGGAATGGCAGATCAGGGATTAGAGGGGAGCCAGCC I 

MADQGLEGSQPj 

• 

CAGAATATTGTCTCAACGGTTAATTTGGACTGCAAGTTGGACCTGAA 
QNIVSTVNL DCKLDLK 

CGTTTTGCTGCAGTGATCATGAGAATTAGAGAACCAAAAACTACAGC 
RFAAVIMRTREPKTTA 
F I R P K 

AGTGAACAACAGTCAAAGTTGGCAGCCCCGAAATATGCTAGAATCAT I 
S EQQSKLAAPKYARI Ij 

CAGAATATAGTTGGTTCTTGTGATGTTAAATTTCCTATTCGACTTGA 
QNIVGSCDVKFPIRLE. 

GAACTATTTCCTGGATTAATATATCGCATGAAACAACCAAAAATAGT 
ELFPGLIYRMK QPKIV 

AAGGTTAGAGATGAGACATATACTGCCTTTGAGAACATATACCCAGT 
KVRDET YTA FEN I Y PV 

GACTGTGGAGCATCTGCTATGACTAACTGCAAGGGGTGGTTCAAAAT I 
ATCAGGCATCGGCTTTTGTGGAAGGTTTGTTTAAGTTACAATTGATA 
TGTAGCATATCATAAAATTTCAATTTAGGACCAAAAAAAGCCAAACT 
CTTGATAGCGGCCTTTTGGTTTACTTTTCCTCAAAAAAAA 
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FIG. 1 (2/2) 

I ATAAAAGAATCCTTCTTTCAAATTCTTTACCCGCTACAAATTC 90 
j GTTTTAGATTTTCAGTTTAAAGAGTTTTGTGTACGGAAGGGAC 180 
AGTGGATCTTACCAAGCACCCTTCTGGAATAGTCCCTACTCTG 270 
! VDLTKHPSG IVPTL 25 

AGCTATTGCACTTCAAGCTCGAAATGCAGAGTACAATCCGAAG ,360 
AIALQARNAEYNPK 55 

(143) Y P 

GTTG ATTTTCGCTTCTGGGAAAATGGTTTGT ACTGG AGCCAAA 450 
LI FASGKMVCTGAK 85 
L I F S G K V T G A K 

TC AA AAG CTTG G TTTTC C AGC C AAGTTT AAGG ATTTT A AAATC 54 0 
QKLGFPAKFKDFKI 115 

AGGCCTTGCATATGCCCACGGTGCTTTCTCAAGTTACGAGCCA 630 
GLAYAHGAFSSYEP 145 

GCTGCTT ATTTTTGTTTCTGGGAAAATTGTCATCACAGGAGCC 720 
j LL I FVSGKIVITGA 175 

I TCTTACCGAGTTCAGGAAGAATCAGCAATGAATTGATTTGATG 810 
LTEFRKNQQ 200 

TTGG AG ACTTGTTTGTTTTTTCTT AATTGTAGATATTCTATAA 900 
GGTTGG AAGATTAGCAAGATGGGG ATAACTGTGTTACTTCACC 990 
GGTC ATGGGTTCC AAATTT ATTGTACCTGTTGAGTCTATAATG 1080 

1120 
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